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Abstract. The modified SiC slurry for CMP process was proposed in order to obtain high-quality
surface of 150 mm SiC wafer and then tried to explain the mechanism of the effect of added
transition metal ion to improve polishing characteristics of SiC crystal substrate. SiC substrate with
using modified slurry exhibited slightly higher MRR value and lower platen temperature than those
with using commercial slurries. The addition of transition metal ion into the slurry enhanced
oxidation efficiency of SiC crystal surface and improved MRR and the quality of SiC surface.

Introduction

SiC Single crystal has a high critical breakdown electric field, high thermal conductivity, high
saturated drift carrier speed, and other excellent characteristics. As a substrate material, SiC is
required to have an ultra-flat and ultra-smooth surface to meet the requirements for epitaxial film
growth and it must be free of defects and damage, because its accuracy directly determines the
performance of semiconductor devices [1-3]. Since SiC is well-known for its exceptionally high
hardness, brittleness and inertness, the current chemical mechanical polishing (CMP) process of SiC
substrate usually suffers from high machining costs and low throughput. The material removal rate
(MRR) and the quality of finished wafer surface which includes roughness, defectivity and
scratches are the two major factors on a SiC CMP process. The property of slurry has an important
impact on determining both factors. Previous research has been performed to study the abrasive and
oxidizer within the slurry and the SiC substrate surface evaluated the MRR of 6-inch SiC wafers by
adding transition metal ion(Me) as strong oxidant in slurry [4-8].

In this study, the modified SiC slurry for CMP process was proposed in order to obtain high-quality
SiC surface of 150 mm SiC wafer and then tried to explain the mechanism of the effect of added
transition metal ion(Me) to improve polishing characteristics of SiC crystal substrate. The MRR
values and quality of SiC surfaces prepared with modified slurries with those of conventional
slurries without added transition metal ions were systematically compared in terms of MRR values
and surface quality.
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Experiments

150 mm-SiC wafers (4° off-axis, n-type, 350 um in thickness) fabricated from the common SiC
ingot were used in this study. Actual CMP process for both faces(Si-/C-face) of SiC substrate was
performed with using conventional slurries provided from commercial products and the modified
slurry (KC-Tech.Co Ltd). SiC substrates were polished for 1hr with a membrane polishing head of
ACCRETECH ChaMP211 CMP system and the slurry flow was 150 ml/min. MRR values and
surface roughness data of CMP-processed SiC substrates with using different slurries were
systematically compared. The surface morphology and scratch of SiC substrates after the CMP
process were analyzed by an atomic force microscope (Park Systems, XE-150) and Candela 8520
(KLA Tencor), respectively.

Result and Discussions

Fig. 1 exhibited schematic diagram for explaining a role of added transition metal ion into modified
SiC slurry to enhance SiC polishing rate. Reaction of MnO4™ with SiC substrate made soluble SiO3*"
and CO on the surface of the SiC substrate, indicating that SiC surface can be polished by the
dissolution. Transition metal ion Me** simultaneously reacts with MnO and then regenerated to
MnOy’, which can participate in oxidation process on SiC surface again. That is transition metal
ion(Me) formed MnOs to enhance oxidation efficiency by activated oxidation. SiC oxidation,
essential step to improving MRR and surface quality of SiC substrate was observed to be activated
in modified SiC slurry.
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Fig. 1. Schematic diagram for explaining a role of adding transition metal ion into modified SiC
slurry to enhance SiC polishing rate.

Fig. 2 exhibited MRR values and platen temperature on Si-face and C-face of CMP-processed SiC
substrates with using commercial slurries and modified slurry proposed in this study. MRR value as
an important factor to determine a polishing efficiency was measured on Si-face and C-face of SiC
substrate. MRR was calculated by measuring the front surface of SiC wafers before and after the
CMP process using a thickness gauge. The MRR value of CMP-processed SiC substrate with all
slurries on C-face was definitely higher(~2X) than on Si-face. MRR value of SiC substrate with
using modified slurry was slightly higher than those with using commercial slurries. The platen
temperature of the CMP process using the modified slurry exhibited lower than commercial slurries.
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Fig. 2. The MRR values and platen temperature on Si-face and C-face of CMP-processed SiC
substrates with using conventional slurries and modified slurry proposed in this study.

The surface morphology images and roughness data observed by atomic force microscope (AFM)
analysis for SiC substrate processed by slurry proposed in this study and conventional slurries are
shown in Table 1 and 2. The roughness of SiC substrate with using the modified slurry proposed in
this study was definitely lower than commercial slurries. While roughness of SiC substrate with
using conventional slurries showed above 0.1 nm on Si-face and 0.15-0.22 nm on C-face, SiC
substrate with using the modified slurry had better roughness value(0.045 nm on Si-face and 0.15
nm on C-face).

Table 1. The surface morphology images and roughness data observed by AFM analysis for Si-face
of SiC substrate processed by slurry proposed in this study and substrates processed by
conventional slurries.

Company A

Company B KC-Tech

AFM
Image

Roughness [nm] 0.105 0.100 0.045

Table 2. The surface morphology images and roughness data observed by AFM analysis for C-face
of SiC substarte processed by slurry proposed in this study and substrates processed by
conventional slurries.

Company A Company B

*

AFM .
Image | .

Roughness [nm] 0.216 0.152 0.155
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Table 3 showed scratch mapping analysis data of SiC substrate processed by slurry proposed in this
study and substrates processed by conventional slurries after RCA cleaning. In terms of total length of
scratch, three SiC substrates exhibited almost similar value showing no significant difference.

Table 3. The scratch data observed by Candela analysis for SiC substrate processed by slurry
proposed in this study and substrates processed by conventional slurries.

Company A Company B KC-Tech
P T P
s \ // \ // \
// i \\\ // ' v . /// \
Scratch \\- - ) \ : |
Map | J | : \
\ S YA /
AN
\
\\\\_/// /// \\\R_// / \‘\\\_/ o //
Total Length 47 mm 69 mm 52 mm

Summary

The modified SiC slurry for CMP process was compared with commercial slurries in terms of
surface roughness, MRR, scratch formation. SiC substrate with using modified slurry exhibited was
slightly higher MRR value and lower platen temperature than those with using commercial slurries.
The C-face roughness of the SiC substrate using the modified slurry was similar to that of Company
B, but the Si-face roughness of the SiC substrate using the modified slurry proposed in this study
was definitely lower than that of the commercial slurry. The addition of transition metal ion into the
slurry enhanced oxidation efficiency of SiC crystal surface and improved MRR and the quality of
SiC surface.
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